An automatic titration method is reported to resolve ternary mixtures of transition metals (Pb , sample matrix showed a significant effect.
Introduction
The use of chemometrics in chemistry has increased with the rapid technological development of the past decades. Significant improvements have been achieved in chemical equipment, accompanied by much faster and more powerful desktop computers. Analytical chemistry is one of the disciplines in which there was always interaction with chemometrics, especially in areas like curve fitting and statistical control. Currently, the development of new analytical instruments and the emergence of more complex and multi-causal problems have produced measures that demands new and more effective data analysis methods; this has opened many new options for advanced data treatment, especially when generated data is already of multivariate type.
It is for these reasons that there is, every day more, a demand for the use of tools like pattern recognition, multivariate calibration, mathematical mixture resolution and/or some of the new directions that chemometric methods are taking [1] .
Titrimetries correspond to one of the more traditional areas of analytical chemistry, and they also have improved upon the application of chemometric techniques; in 1998, Lindberg and Kowalski suggested the use of Partial Least Square (PLS) calibration for the determination of mixtures of acids with pKa (dissociation constant) lower than 4 [2] . In another example, an Artificial Neural Network-Back Propagation (ANN-BP) model was applied to potentiometric titration data for the resolution of polybasic acid mixtures by Shamsipur et al. [3] . The integration of Principal Component Analysis (PCA) with ANNs has been reported as satisfactory approach to resolve mixtures of acids (p-coumaric, sinapinic, vanillic, and isovanillic acids) [4] and drugs (ibuprofen, indomethacin and naproxen) [5] .
Electronic tongues (ETs), are a new paradigm in analytical chemistry, being nothing more than a multi-sensor system with cross-responses and using advanced mathematical procedures for signal processing, based on pattern recognition and/or multivariate data analysis; ETs are a good example of integration between chemometrics and electroanalysis. With their use, an important advantage is the generation of multivariate data, that afterwards also makes possible the interpretation of complex compositions, the resolution of mixtures, the deconvolution of the contributions from primary species and their interferents, or even, to distinguish between spurious responses and the true ones [6] . ET systems are mainly applied in solving qualitative problems in food industry [7] [8] [9] , but also, their virtues can be exploited in the quantification of a wide variety of analytes in fields such as medical [10, 11] , environmental [12] [13] [14] and also food and beverages [15, 16] .
Titrimetries are established techniques in use for many years; yet today they are very successfully used in water analysis, for example, in the complexometric titration of calcium and magnesium (water hardness). In the case of mixtures of metals with very close metal-ligand formation constants, the conventional methods of endpoint detection are not effective. To solve this problem, specific strategies are used, such as indirect titration or addition of masking agents, among others, but this is satisfactory only for binary mixtures of a few analytical systems.
An innovative idea in this situation is to use an ET as end point detection method in the titration resolving mixtures of two or more components. The pioneers in this sense were Calvo et al. [17] ; in this work, the authors showed the abilities of an ET formed by an array of ion-selective electrodes as end-point detection method in the complexometric titration of mixtures of alkaline earth metals. The present work aims to use an electronic tongue formed by ion-selective electrodes and ANNs as data processing method for resolving ternary mixtures of heavy metals Pb 
Experimental

Reagents and solutions
The reagents used in the formulation of the eight ISE membranes that formed the array are listed below: , used for Flame AAS, Fluka) were the reference materials used in the study. All other reagents were of high purity, analytical grade, pro-analysis or equivalent. The solutions were prepared with deionised water (Milli-Q, Millipore, Molsheim, France).
Apparatus
An automatic titration system with multichannel potentiometric detection, 
Sensor array
For building the sensor array, there were used commercial formulation membranes [18] [19] [20] [21] [22] [23] or others developed in our group [24] . The ion selective electrodes (ISEs) were constructed in asymmetric configuration with a solid electrical contact made from a conductive composite [25, 26] . Table 1 describes the formulation of potentiometric membranes employed in this work. - [a] The formulation included potassium tetrakis(4-clorophenyl)borate as additive. * Ionophore not commercially available.
Sensors characterization
For the cross-response characterization of the ISEs vs. the three metals considered, there were determined the sensitivity, selectivity coefficient and detection limit of each prepared electrode, according to IUPAC methodology. The activity coefficients of ions in solution were calculated with the Debye-Hückel formalism. The fixed interference method were used to determinate the selectivity characteristics.
Titration procedure
The titration procedure applied was proposed by Calvo et al. [17] , in which a fixed and limited number of titrant additions was used; the motivation in this is to achieve quick procedures with lesser experimental complexity. Just 5 additions of 2 mL of EDTA 0.020 M were employed and the potentials between ISEs and the reference electrode, after 20 s homogenization, recorded. As titration media, a pH of 6 was selected, accomplished adding 5 mL of 0.25 M imidazole buffer to 25 mL of each sample, originally acidic. Generated data per sample and per sensor were 5 potential readings after each addition, plus the initial potential. Therefore, the total input data per sample were 6 (potential readings)×8 (ISEs)= 48 input vector. . The accuracy was estimated using standard solutions of FAAS for the three metals (supplied by Fluka).
Building of the ANN response model
The multivariate calibration process was based on an Artificial Neural Network ) were used for the calibration process, prepared manually from individual stock solutions, with random concentrations of the 3 metals and considering the titrant consumption (EDTA) did not exceed the total volume of the burette, 10 mL in this case (Fig. 1 ). Samples were divided in two subsets: 33 samples were used for training (model building) and the other 17 in the model external validation (to determine its predictive ability). The samples were distributed randomly, but with the precaution that the maximum and minimum concentrations were included in the training subset, this is to prevent the model to perform any extrapolation. 
Software
The readings were acquired by using custom software developed by the authors in Microsoft QuickBasic Version 4.5. Neural network processing was developed with MATLAB 7.0 (Mathworks, Natick, MA, USA), using its Neural Network Toolbox (v.
3.0). The graphs were made with Sigma Plot 11 (Systat Software Inc, California, USA).
Results and Discussion
Preliminary characterization
The electrodes forming the array used in the ET were characterized in parallel against the three metals considered, Pb
2+
, Cd 2+ and Cu
. Table 2 The need for use of advanced data treatment to solve the proposed analytical problem may be observed in Fig. 2 . Illustrative titration curves were constructed using the recorded potential between ISE-Generic (3) When an equimolar mixture with 9.0 mM as total concentration of the three elements was titrated, a superposition of the three reactions is observed, making difficult the conventional determination. What is happening is the overlapping of the three concurrent equilibria, which in turn hinders the occurrence of any clearly singular point, making difficult the conventional titrimetric determination. 
Building of the ANN response model
The training methodology used to determine the topology of the ANN was described in section 2.6. The best architecture was obtained for 48 neurons in the input layer, 6 in the hidden layer and 3 in the output layer, the transfer functions selected were purelin and logsig for the hidden and output layers respectively. In Fig. 3, a 
Determination of the performance characteristics of the method
The principal analytical properties of the method were determined: detection limit, precision and accuracy. The obtained results are shown in Table 3 , the detection limits and precision are adequate for the proposed application. The accuracy was checked by comparing the concentration obtained with the proposed titration method vs.
values assigned to the certified reference standards used; these verifications demonstrated that the proposed system is unbiased in metals determination. . The dashed line corresponds to ideality, and the solid line to the regression of the comparison data. Uncertainty intervals were calculated at the 95% confidence level.
Application of the sensor array in real samples.
After application with synthetic samples, and to demonstrate its complete applicability, the method was applied in real samples. Six samples of motor road soil were taken for the analysis; the sample treatment was performed according to the procedure described in [28] . Due to the low content of target ions in soil extracts, the samples were doped with standard solutions of Pb 
Conclusions
In this paper, a simultaneous titration analysis for the resolution of ternary mixtures of Pb (C) for the spiked soil samples. The dashed line corresponds to ideality, and the solid line to the regression of the comparison data. Uncertainty intervals were calculated at the 95% confidence level.
